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Renal effects of the sulfur-containing aminoacid 
derivatives (ademetionine, taurin and glutathion) 
in conditionally healthy animalsDerivatives of sulfur-containing aminoacids (ademetionin, taurine and glutathione) selected for the experimental stud-
ies are used in various fields of practical medicine due to their multifaceted pleiotropic effects. The study of their renal effects in the conditions of the physiological norm makes it possible to expand and supplement their pharmacological characteristics, and forms the basis for further study of the nephroprotective potential in renal pathology.
Aim. To study the effect of sulfur-containing amino acid derivatives (ademetionine, taurine and glutathione) on the morphofunctional state of the rat kidneys in the daily administration for 7 days.
Materials and methods. The experiments were performed on mature non-linear white rats weighing 130-180 g. Ani-
mals were divided into 4 groups (n = 7): group I – intact control, group II – animals which were given ademetionine 
(“Geptral”, “Abbott SpA”, Italy) in the dose of 20 mg/kg, group III – animals received taurine (“Sigma-Aldrich”, USA) in 
the dose of 100 mg/kg, group IV – animals received glutathione (“TAD 600”, “Biomedica Foscama”, Italy) in the dose of 
30 mg/kg. All drugs were injected intramuscularly for 7 days.
Results. The study of the renal effects of the sulfur-containing amino acid derivatives (SAD) under research in the daily 
administration for 7 days to conditionally healthy animals showed that these drugs had a weak diuretic effect, which 
was probably due to a decreased tubular reabsorption of water without significant changes in the glomerular filtration rate. Besides, the use of ademetionine resulted in a slight reduction of azotemia. There was not any significant change in the acid regulatory kidney function under the effect of SAD. Administration of ademetionine, taurine and glutathione 
resulted in a significant decrease in proteinuria, which was probably caused by the effect on the processes of protein re-
absorption. The effect on the ion regulatory kidney function upon the course of SAD administration was characterized 
by an increase in urinary sodium excretion against the background of decreased relative sodium reabsorption, which 
was accompanied by intensification of distal transport of sodium ions due to the activation of the tubular-tubular bal-ance. The morphological examination did not reveal any histopathological changes in the renal tissue, confirming the 
absence of nephrotoxicity of the SAD studied.
Conclusions. According to the data obtained the 7-day administration of ademetionine, taurine and glutathione to con-
ditionally healthy animals moderately affects the processes of glomerular filtration and tubular transport in nephrons, 
which results in a slight increase in diuresis along with preservation of the renal mechanisms of autoregulation and the absence of histopathological changes in the kidneys.
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Ренальні ефекти похідних сірковмісних амінокислот (адеметіоніну, таурину та глутатіону) 
при застосуванні в умовно здорових тварин
Обрані для експериментального дослідження похідні сірковмісних амінокислот (адеметіонін, таурин та глута-
тіон) завдяки своїм багатогранним плейотропним ефектам застосовуються у різних галузях практичної меди-
цини. Дослідження їх ренальних ефектів в умовах фізіологічної норми дає можливість розширити та доповни-
ти їх фармакологічну характеристику, що створює підґрунтя для подальшого вивчення нефропротекторного 
потенціалу при патології нирок.
Мета. Встановлення впливу похідних сірковмісних амінокислот (адеметіоніну, таурину та глутатіону) на мор-
фофункціональний стан нирок щурів після курсового введення препаратів.
Матеріали та методи. Дослідження ренальних ефектів похідних сірковмісних амінокислот (адеметіоніну, та-
урину та глутатіону) проведене на статевозрілих нелінійних білих щурах масою 130-180 г. Тварин було роз-
поділено на 4 групи (n = 7): I група – інтактний контроль, II група – група тварин, яким вводили адеметіонін 
(«Гептрал», «Abbott S.p.A.», Італія) в дозі 20 мг/кг, III – група тварин, яким вводили таурин («Sigma-Aldrich», 
USA) в дозі 100 мг/кг, ІV – група тварин, яким вводили глутатіон («ТАД 600», «Biomedica Foscama», Італія) в дозі 
30 мг/кг. Всі препарати вводили внутрішньом’язово впродовж 7-ми днів.
Результати. Вивчення ренальних ефектів досліджуваних похідних сірковмісних амінокислот (ПСА) при 7-ден-
ному введенні умовно здоровим  тваринам дозволило встановити, що досліджувані препарати виявляють слаб-
кий діуретичний ефект, який вірогідно зумовлений зменшенням канальцевої реабсорбції води за відсутності 
достовірних змін швидкості клубочкової фільтрації. При цьому з досліджуваних препаратів лише адеметіонін 
виявляє незначну гіпоазотемічну дію. При дослідженні стану кислотнорегулювальної функції нирок не вияв-
лено значних змін. У групах тварин, яким вводили адеметіонін, таурин та глутатіон, спостерігається достовір-
не зменшення протеїнурії, зумовлене, ймовірно, впливом на процеси реабсорбції білка. Вплив на іонорегулю-
вальну функцію нирок при курсовому введенні ПСА характеризувався зростанням екскреції на тлі зменшення 
відносної реабсорбції іонів натрію, що супроводжувалось посиленням дистального транспорту іону натрію за 
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рахунок активації канальцево-канальцевого балансу. За даними морфологічного дослідження патологічних 
гістоструктурних змін тканини нирок під впливом препаратів не виявлено, що свідчить про відсутність не-
фротоксичних властивостей досліджуваних ПСА.
Висновки. На підставі проведеного експерименту можна зробити висновок, що при 7-денному введенні умов-
но здоровим тваринам досліджувані препарати адеметіоніну, таурину та глутатіону дещо посилюють діурез та 
чинять незначний вплив на процеси клубочкової фільтрації та канальцевого транспорту у нефронах зі збере-
женням внутрішньониркових механізмів авторегуляції за відсутності патологічних змін гістоструктури нирок.
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Ренальные эффекты производных серосодержащих аминокислот (адеметионина, таурина 
и глутатиона) при применении у условно здоровых животных
Избранные для экспериментального исследования производные серосодержащих аминокислот (адеметионин, 
таурин и глутатион) благодаря своим многогранным плейотропным эффектам применяются в различных об-
ластях практической медицины. Исследование их ренальных эффектов в условиях физиологической нормы 
дает возможность расширить и дополнить их фармакологическую характеристику, создает основу для даль-
нейшего изучения нефропротекторного потенциала при патологии почек.
Цель. Исследование влияния производных серосодержащих аминокислот (адеметионина, таурина и глутати-
она) на морфофункциональное состояние почек крыс после курсового введения препаратов.
Материалы и методы. Исследование ренальных эффектов производных серосодержащих аминокислот (аде-
метионина, таурина и глутатиона) проведено на половозрелых нелинейных белых крысах массой 130-180 г. 
Животные были распределены на 4 группы (n = 7): I группа – интактный контроль, II группа – группа живот-
ных, которым вводили адеметионин («Гептрал», «Abbott SpA», Италия) в дозе 20 мг/кг, III – группа животных, 
которым вводили таурин («Sigma-Aldrich», USA) в дозе 100 мг/кг, IV – группа животных, которым вводили 
глутатион («ТАД 600», «Biomedica Foscama», Италия) в дозе 30 мг/кг. Все препараты вводили внутримышечно 
в течение 7-ми дней.
Результаты. Изучение ренальных эффектов исследуемых производных серосодержащих аминокислот (ПСА) 
при 7-дневном введении условно здоровым животным позволило установить, что исследуемые препараты 
оказывают слабое диуретическое действие, которое вероятно обусловлено уменьшением канальцевой реаб-
сорбции воды при отсутствии достоверных изменений скорости клубочковой фильтрации. При этом из иссле-
дуемых препаратов только адеметионин оказывает незначительное гипоазотемическое действие. При иссле-
довании состояния кислоторегулирующей функции почек не выявлено значительных изменений. В группах 
животных, которым вводили адеметионин, таурин и глутатион, наблюдается достоверное уменьшение про-
теинурии, обусловленное влиянием на процессы реабсорбции белка. При курсовом введении ПСА влияние на 
ионорегулирующую функцию почек характеризовалось ростом экскреции на фоне уменьшения относитель-
ной реабсорбции ионов натрия, что сопровождалось усилением дистального транспорта ионов натрия за счет 
активации канальцево-канальцевого баланса. По данным морфологического исследования патологических 
гистоструктурных изменений ткани почек под влиянием препаратов не выявлено, что свидетельствует об от-
сутствии нефротоксических свойств исследуемых ПСА.
Выводы. На основании проведенного эксперимента можно сделать вывод, что при 7-дневном введении условно 
здоровым животным исследуемые препараты адеметионина, таурина и глутатиона незначительно усилива-
ют диурез и оказывают слабое влияние на процессы клубочковой фильтрации и канальцевого транспорта в 
нефронах при сохранении внутрипочечных механизмов авторегуляции и отсутствии патологических измене-
ний гистоструктуры почек.
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To date, in spite of the achievements of the pharmaceutical industry, the problem of pre- 
vention and treatment of acute kidney injury (AKI), 
which prevalence reaches 31 % and the mortality 
rate exceeds 80 % of patients, remains an urgent and unsolved issue of modern nephrology [1]. 
According to the literature data the key link in the pathogenesis of the renal pathology is development 
of the oxidative stress, which is characterized by the prooxidant-antioxidant imbalance [2] and involves 
a shift of the redox equilibrium towards free radi-
cal oxidation with formation of lipid and protein peroxides [3]. Consequently, the promising direc-
tion is the use of nephroprotectors with the aim of strengthening the antioxidant defense, and inducing 
the membrane protective and cytoprotective mecha- 
nisms. It is known that sulfur-containing amino acids presented at the pharmaceutical market of Ukraine by such drugs as ademetionine, taurine and glu-tathione possess these properties.
Ademetionine is an active sulfur-containing me-tabolite of methionine, a natural antioxidant and antidepressant. Endogenous ademetionine is invol- ved in transmethylation reactions, promoting the synthesis of phosphatidylcholine in the cell mem-brane and providing the membrane protective ac-
tion [4]. In the transsulfuration reactions it acts as a precursor of sulfur compounds (cysteine, taurine and glutathione); in transmethylation reactions it par- ticipates in the synthesis of catecholamines (dopami- 
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ne, adrenaline, norepinephrine) [5, 6]. As a medi-cine ademetionine belongs to the group of hepato-protectors, but due to its pleiotropic properties it 
possesses the cytoprotective, anti-inflammatory, anal- gesic, anti-depressant, neuroprotective and antiepi- leptic effect [7].
Glutathione acts as the most powerful antioxidant 
due to the reactivity of SH-group [8]. The system of glutathione plays an important role in maintaining 
the thiol-disulphide balance in tissues, which is es-sential for implementation of such processes as the functioning of membrane structures and cytoskele- 
ton, cell division [9-11]. As a medicine it is repre-sented at the market in a form of sodium salt of re- covered glutathione, and is used to prevent neph- 
rotoxicity and hepatotoxicity of cisplatin, as well as in acute and chronic hepatitis, liver cirrhosis, etc. [12].
Taurine is a sulfur-containing amino acid that 
participates in a wide range of physiological pro-
cesses, such as conjugation of bile acids, which pre- vents cholestasis, and stabilization of photorecep-
tor cells of the eye retina. Taurine is one of the main cell regulators due to its effect on the transport pro- cesses of sodium and chloride ions, it acts as a neu-romodulator in the central nervous system, has po- 
tent anti-inflammatory, antioxidant, and detoxifying properties, possesses antiarrhythmic and inotropic 
effects [13-17]. Taurine is produced in a form of one-component eye drops and biologically active additives [18].Considering the pleiotropic effects of sulfur-
containing amino acid derivatives (SAD) – ademe-
tionine, taurine and glutathione allowing their use in different pathologies their renal effects in physio- 
logical conditions are of special interest. It may com-plement the characteristics of the drugs studied and provide the background for further study of their nephroprotective potential in different kidney pa-thologies.
The aim of the study was to determine the ef-
fects of SAD on the morphofunctional state of the rat kidneys in the daily administration for 7 days.
Materials and methods
The experiments were performed on mature 
non-linear white rats weighing 130-180 g, main-
tained in the vivarium with the constant tempera-
ture and humidity, and with free access to water and 
food. Animals were divided into 4 groups (n = 7): 
group I – intact control, group II – animals which 
were given ademetionine (“Geptral”, “Abbott SpA”, 
Italy) in the dose of 20 mg/kg, group III – animals 
received taurine (“Sigma-Aldrich”, USA) in the dose 
of 100 mg/kg, group IV – animals received glu-
tathione (“TAD 600”, “Biomedica Foscama”, Italy) 
in the dose of 30 mg/kg. All drugs were injected 
intramuscularly for 7 days. The studies were con- 
ducted in accordance with the provisions of the 
“European Convention for the Protection of Vertebrate 
Animals used for Experimental and Other Scientific Purposes” [19].
The functional status of the rat kidneys was as-
sessed on day 8. Urine was collected for 2 h under 
the conditions of induced water load (enteral ad-
ministration of drinking water heated to 37°C in 
the amount of 5 % of the body weight using an in-tragastric tube) by the indices of diuresis, glomeru- 
lar filtration rate (GFR), urine protein level and ex-cretion, urine pH, excretion of titrated acids and ammonium ions, reabsorption and urine excretion 
of sodium and potassium ions [20]. The morpho-logical examination of kidney histological sections 
was performed by staining the samples with hema- 
toxylin and eosin. The preparations were assessed using light microscopy and photographed. Documen- 
tation of the pathological processes was performed by the computer morphometry of objects using 
“VideoTest – Razmer 5.0” computer software (Rus- 
sian Federation). The statistical analysis of the data 
was performed using SPSS 17.0 software. All data are presented as a mean ± standard error of the 
mean (M±m). A character of distribution within the 
group was determined using Kolmogorov-Smirnov 
test. Estimation of the differences between the sam- 
ples was conducted using parametric Student’s t-test (for normal distribution) and nonparametric Mann- 
Whitney U test (when the assumptions of the t-test 
were not met). The critical level of significance was accepted at p<0.05. 
Results and discussion
The 7-day administration of ademetionine re-sulted in some changes in the functional state of 
kidneys (Table). In the experimental group II an in-
crease in diuresis by 15.9 % along with a significant 
decrease in water reabsorption by 1.1 % was ob-
served, while there were no changes in GFR com-pared to the control group. 
The hypoazotemic effect of ademetionine was 
also found, it was manifested by a decrease in the 
plasma creatinine level by 19.9 % compared to the 
control group. The dosage regimen of the drug was effective in reducing proteinuria: the urine protein level decreased by 1.3 times, urine protein excretion 
was accordingly decreased compared to the con-
trol group. Ademetionine had no significant effect 
on the acid-regulatory kidney function: there was 
a tendency towards an increase in the urine pH and preservation of titrated acids and excretion of am-
monium ions at the control level. Ademetionine de- 
monstrated the following effect on the ion-regulato-
ry kidney function: there was a significant increase 
in the excretion of sodium ions with urine against the background of a decrease in relative reabsorp-
tion of sodium ions. The correlation between GFR 
and absolute reabsorption of sodium ions (r = 0.96), 
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and between GFR and proximal sodium transport 
(r = 0.86) confirms the maintenance of the glome- 
rular-tubular balance. In addition, under the effect 
of the drug there was an increase in distal sodium 
transport by 1.3 times along with a tendency to-
wards a reduction of proximal sodium transport, indicating the activation of tubular-tubular balance 
(r = -0.83). At the same time, ademetionine did not affect the transport of potassium ions.
The study of the renal effects of taurine revealed 
a slight diuretic effect, which was confirmed by a 
significant increase in diuresis by 29.4 % compared 
to the control group (Table). The use of taurine did 
not affect the plasma creatinine level. There was 
a tendency towards an increase in GFR along with 
a decrease in water reabsorption compared to the 
intact animals. At the same time, administration of taurine resulted in the most pronounced effect on protein transport among the drugs studied: there 
was a 2-fold decrease in the urine protein level and reduction of protein excretion by 1.6 times com-
pared to the control group. There were no signifi-cant changes in the acid-regulatory kidney function 
after taurine administration for 7 days. In the ion-regulatory kidney function a significant increase 
(by 1.7 times) in sodium excretion was observed due to an increase in diuresis and decrease in rela-tive sodium reabsorption. The glomerular-tubular 
balance was maintained when administrating tau-
rine, and it was confirmed by the correlation bet- 
ween GFR and absolute reabsorption of sodium ions 
(r = 1), GFR and proximal transport of sodium ions 
(r = 0.96). The tubular-tubular balance was charac- terized by an increase in distal transport of sodium ions (1.4 times) in the absence of changes in proxi-mal sodium transport and characterized by a reverse 
correlation between proximal and distal transport of 
sodium ions (r = -0.89). Like ademetionine, taurine did not affect the processes of potassium transport.When studying the effect of glutathione on the excretory function of the rat kidney an increase in 
diuresis by 21.7 % was revealed due to a decrease 
in tubular reabsorption of water in the absence of 
significant changes in GFR and the plasma creati-
nine level (Table). Glutathione also showed a pro-nounced effect on the tubular transport of protein: 
the urine protein level was decreased by 1.5 times, 
protein excretion – by 1.2 times compared to the control animals. Under the effect of glutathione a 
decrease in titrated acid excretion by 17.8 % was 
observed without significant changes in the urine 
pH compared to the intact animals. Although the index of absolute sodium reabsorption did not dif-
fer significantly from the control level, the relative 
sodium reabsorption decreased by 1.4 %, which led to a 1.3-fold increase in the distal transport of so-dium by the mechanism of the tubular-tubular ba- 
lance activation. The glomerular-tubular balance was 
confirmed by the correlation between GFR and the 
absolute sodium reabsorption (r = 0.86), as well 
as between GFR and proximal transport of sodium 
(r = 0.96). The functioning of the tubular-tubular ba- 
Table
The effect of sulfur-containing aminoacid derivatives (ademetionine, taurine and glutathione) 
on the functional state of kidneys of conditionally healthy rats (М±m, n=7)
Index Intact control
Ademetionine 
(20 mg/kg)
Taurine
(100 mg/kg)
Glutathione 
(30 mg/kg)
Diuresis, ml/2 h×100 g 3.78±0.19 4.38±0.15* 4.89±0.13** 4.60±0.09**
Plasma creatinine, μmol/l 59.00±2.23 49.22±1.83* 53.61±2.26 61.53±1.90
Glomerular filtration rate, μl/min×100 g 536.64±26.03 545.54±36.31 593.35±49.61 573.79±23.90
Reabsorption of water,  % 99.29±0.02 98.22±0.02** 97.15±0.06** 97.19±0.04**
Urine protein, g/l 0.022±0.001 0.017±0.001** 0.011±0.001** 0.015±0.001**
Urine protein excretion, mg/100 μl 0.083±0.002 0.072±0.001** 0.053±0.001** 0.068±0.001**
Urine рН 7.07±0.11 7.35±0.07 7.24±0.10 7.16±0.12
Titrated acids excretion, μmol/2 h 27.30±1.35 26.68±1.63 24.76±1.36 22.44±1.90
Ammonium ions excretion, μmol/2 h 33.41±2.19 37.56±2.63 31.33±2.04 31.20±1.83
Plasma Na+, mmol/l 135.36±4.45 142.50±4.53 136.07±2.37 133.57±4.75
Excretion of Na+, μmol/2 h 1.93±0.09 3.76±0.21** 3.28±0.17** 3.62±0.50**
Absolute Na+ reabsorption, μmol/min 80.83±5.19 93.42±7.19 97.02±8.81 91.73±4.49
Relative Na+ reabsorption,  % 98.37±0.10 96.86±0.18** 97.26±0.14** 96.99±0.42**
Proximal transport of Na+, mmol/min 9.23±0.60 10.62±0.84 10.98±1.04 10.40±0.53
Distal transport of Na+, μmol/min 470.98±27.70 593.38±33.61* 662.46±24.37** 609.99±24.68**
Plasma К+, mmol/l 5.18±0.25 5.71±0.51 5.21±0.28 5.36±0.44
Excretion of К+, μmol/2 h 23.15±1.42 23.26±0.96 18.25±1.87 21.25±1.42
Note. Significant differences compared to the intact control group - * (р<0.05), ** (р<0.01).
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lance was expressed in the negative correlation be-
tween proximal and distal reabsorption of sodium 
(r = -0.93). There were no changes in the plasma potassium level and its excretion.
The histological examination of the kidneys of 
rats received ademetionine (Fig. 1A) revealed signs 
of reversible hydropic swelling in 5 % of proximal tubular epitheliocytes mostly in the juxtaglomeru- 
lar zone within the physiological range. These chan- ges may be due to the effect of ademetionine on the 
processes of water, protein, sodium and potassium transport in proximal tubules.
In group of rats which were taken taurine dur-
ing the morphological examination there were no histopathological changes in the renal tissue, con-
firming the absence of nephrotoxic effects (Fig. 1B). 
According to the results of the morphological stu- dy the 7-day administration of glutathione did not cause any changes in the morphological organiza-
tion of the renal tissue (Fig. 1C): glomeruli were of nor- mal structure and size, the interstitium and epithe-
lium of the proximal and distal tubules were without 
pathological changes, lumens of tubules were free.
The study of the renal effects of SAD in the daily administration for 7 days to conditionally healthy animals revealed a weak diuretic effect, which was probably due to a decreased tubular reabsorption 
of water without significant changes in GFR. Thus, the use of ademetionine resulted in a slight reduc-
tion of azotemia. The use of SAD did not cause any 
significant effect on the acid regulatory kidney fun- 
ction. Administration of ademetionine, taurine and 
glutathione resulted in a significant reduction of pro- 
teinuria, which was probably caused by the effect 
on the processes of protein reabsorption. The ef-fect on the ion regulatory kidney function during 
the course of SAD administration was characterized by an increase in urinary sodium excretion against the background of decreased relative sodium re-
absorption, which was accompanied by intensifica- tion of distal transport of sodium ions due to the ac- tivation of the tubular-tubular balance. The morpho- logical examination did not reveal any histopatho-
logical changes in the renal tissue, confirming the 
absence of nephrotoxicity of the SAD studied.
CONCLUSIONS
According to the results of the experiment con-ducted daily administration of the sulfur-contain-ing amino acids derivatives (ademetionine, taurine and glutathione) for 7 days to conditionally healthy 
animals causes a weak diuretic effect with little im- 
pact on the processes of glomerular filtration and 
tubular transport in nephrons, accompanied with maintenance of the renal mechanisms of autoregu-lation, and the absence of histopathological chang-es in the kidneys.
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